
ANNUAL REPORTS 

PROGRESS O F  CHEMISTRY. 
ON T H E  

GENERAL AND PHYSICAL CHEMISTRY. 

THE continuance of war conditions has led to a further diminution 
in the volume of published research, and until comparatively late in 
the year it seemed t o  the writer doubtful whether the record of 
progress would warrant the publication of a full Report. To a very 
considerable extent, the pages of German journals dealing with 
physical chemistry and physics have served to record the work af 
investigators belonging to neutral countries , the contributions made 
by Germans being relatively very small in comparison with normal 
times. The Zeitschrift fiir physikalische Chemie,  the first issue of 
which marked the beginning of a new era in the development of 
physical chemistry, has now ceased to appear, the reason advanced 
for its suspension being that suitable paper can no longer be 
obtained. 

*4 tomic W e i g h t s .  

The sources of error involved in the accurate determination of 
combining ratios have been discussed in a series of papers1 pub- 
lished during the past two years. I n  the last of these publica- 
tions2 it is of interest to find that  much of the recent work on 
combining ratios affords confirmation of the view, first expressed 
by G. D. Hinrichs,3 that  the combining ratio is a function of the 
quantity of substance employed in the determination. The explana- 
tion of this anomaly, which was put  forward by Hinrichs, is not, 
however, accepted by the authors, who point out that the anomaly 

1 Compare Ann. Report, 1916, 36. 
2 P. A. Guye and E. Moles, J .  Chim. phys., 1917, 15, 360, 405. 
3 Compt. rend. 1893, 115, 1074; A ,  1893, ii, 163;  ibid., 1893, 116, 753; 

REP.-VOL. XIV. B 
A, 1893, ii, 316; ibid., 1894, 118, 528; A., 1894, ii, 276. 
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2 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

is only to  be found in the results of series of determinations, in 
which the substances have been weighed in air in the usual way, 
reduction t o  a v x u u m  being effected by calculation. This suggests 
t ha t  the apparent variation o i  the combining ratio with the quan- 
tity of substance is due to the condensation of air, water, etc., 011 

the surface of the solid substances, and in support of this explana- 
tion it is found tha t  the  various types of curves, which express the 
relation between tlie combining ratio and tlie quantity of substance 
operated on, can all be accounted for on the assumption tha t  con- 
densation films give rise to errors in weighing. 

l s o  topes. 

Although the view tha t  isotopes cannot. be separated from one 
another by chemical means has met with fairly general acceptance, 
this question has been submitted to further investigation.4 The 
nitrate obtained from carnotite lead, containing one par t  of ordiii- 
a ry  lead, three parts of radium-G, and a trace of radium-B, was 
submitted t o  fractional crystallisation more than a thousand times. 
A determination of the atomic weight of the  metal i n  the least and 
most soluble fractions gave numbers agreeing within 0.006 per cent., 
which is well within the limits of the possible experimental error. 
The &ray activity of the two fractions was also found to  be identical 
within the  limits of the  experimental error of 1 per cent. From 
these observations it is inferred t h a t  the  molecular solubilities of 
the  nitrates of the  isotopes are identical, and further evidence is 
thus obtained in  support of t he  view tha t  isotopes cannot be 
separated by crystallisation processes. 

According to Soddy,s the question of the separability of isotopes 
is not t o  be judged by any one particular line of evidence, whether 
this consist in the  proof tha t  each radio-element has an  isotope to 
which it is more closely allied than to any of the other elements, or 
of experiments in which a given pair of isotopes has been submitted 
to  the  same operation a very large number of times or to different 
operations corresponding with possible modes of separation, bu t  by 
the  agreement of t he  results given by all three methods of inquiry. 

I f  the molecular solubilities of the  salts of isotopic elements are 
identical, then, since the molecular weights are different, it follows 
t h a t  t he  solubilities, expressed in  grams per litre, and the  densities 
of the  saturated solutions ought t o  show slight differences. Measure- 
ment6 of the  densities of saturated solutions of the  nitrates pre- 

T. W. Richards and N. F. Hall, J. Amer. Chem. SOC., 1917, 39, 531 ; 

F. Soddy, i b id . ,  1614; A., ii, 437. 
K. Fajans and J. Fischler, Zeitsch. anorg. Chem., 1916,95,284 ; A . ,  ii, 471. 

A . ,  ii, 230. 
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GENERAL AND PHYSICAL CHEMISTRY. 3 

pared from ordinary lead of atomic weight 207.15, and from carno- 
tite lead with an atomic weight of 206.59, has shown that  there is 
an appreciable difference, the density of ordinary lead nitrate solu- 
tion being the greater. Assuming that  the molecular volumes of 
the isotopes are identical, and that  the change of volume in the 
formation of the saturated solutions is the same f o r  both, i t  would 
seem that the difference in the densities of saturated solutions of 
salts of isotopic elements may be utilised for the determination of 
the relative atomic weights of the isotopes. The difference betweeti 
tlie densities should bear the same ratio t o  the mean density as the 
difference of the atomic weights t o  the mean atomic weight. Ex- 
pefiments made 5 witli the nitrates of ordinary, carnotite, and 
pitchblende lead have, indeed, given results which appear t o  justify 
the application of the method. 

The view that the X-ray spectra of isotopes are identical finds 
confirmation in the observation that  the wave-lengths of the lines 
in the L series and also of the a and /.3 lines in the M series of lead 
and radium-G agree to within 0.0001 x 10-8 cm. 

A toinic Structeire. 

Our knowledge of atomic structure has made but little progress 
during the year under review. A further interesting contribution 9 
has, however, been made by W. D. Harkins to his series of papers10 
o 1 the evolution of the elements and on the nature of the periodicity 
which is conditioned by the evolutionary process. 

The assumption that the elements are derived from hydrogen by 
a process, in which the formation of helium nuclei represents a 
primary and distinct stage in the process of agglomeration, leads 
to the view that  the elements should fall into two series, one of 
thew beginning with helium and containing elements of even atomic 
number, the other beginning with lithium and containing elements 
of odd atomic number. Two such series are actually distinguishable 
in the group of radio-elements, and furtlier evidence of this dual 
periodicity is afforded by the numbers which express the relative 
abundance of the different elements. Whether the relative abund- 
ance in the earth’s crust, in meteorites, o r  in the lithosphere is con- 
sidered, it appears that  the even-numbered elements occur in much 
greater quantity. If the elements are plotted in the order of their 
atomic numbers, the even-numbered elements are in all cases much 

K. Fajans and M. Lembert, Zeitsch. anorg. Chem., 1916, 95, 297 A. ,  

M. Siegbahn and W. St,enstrom, Compt. wad. ,  1917,165, 428 ; d., i i ,  524. 
W. D. Harkins, J .  Amer. Chem. Soc., 1917, 39, 856 ; A.,  ii, 303. 

ii, 472. 

lo Compare Ann. Report, 1916, 2, 253,  254. 

B 2  
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4 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

more abundant than the adjacent odd-numbered elements. Further- 
more, if the elements are arranged in the order of their abundance, 
the first seven elements are all even-numbered. 

It is natural to suppose that the abundance will bear some rela- 
tion t o  the stability of the atomic nucleus, and that the stability 
will depend on the structure of the nucleus. Hence the above facts 
seem to favour the idea of a dual periodicity as predicted by the 
hydrogen-helium structural hypothesis. Such periodicity is, of 
course, independent of the periodicity which characterises the ordin- 
ary periodic table, and this is a t  once intelligible1 when i t  is remem- 
bered that  th'e physical and chemical properties of the elements 
are for the most part determined by the number of the external 
electrons, which is not affected by the internal structure of the 
nucleus. 

According to N. F. Hall,ll the number of known isotopes in a 
pleiad and the character of the predominant radiation also show a 
periodic variation which is in accord with the hypothesis that  the 
heavier atoms represent conglomerations of hydrogen and helium 
nuclei. The isotopes of even-numbered elements are more numerous 
than those of odd-numbered elements, and the former show a tend- 
ency to  emit a- rather than &rays on disintegration. 

On theoretical grounds it is probable that there is some connexioii 
between the atomic number N and the atomic frequency v. Accord- 
ing to H. s. Allen,l2 this relation can be expressed in the form 
Nv=nvA,  in wliich n is an integer and v., a fundamental frequency, 
characteristic of, and common to all atoms. The same formula is 
also said to represent the relation between the atomic number and 
the frequency, which, according to the quantum theory, corre- 
sponds with the energy required to liberate an electron from the 
atom,l3 the only difference being that the fundamental electronic 
frequency v has the value 3.29 x 1015 (sec-I), whereas the funda- 
mental atomic frequency v A  is equal to 21.3 x 1012 (sec-1). 

The ionisation potential of helium, calculated on the basis of 
Bohr's theory, is 29.3 volts, whereas experiment has given an appre- 
ciably lower value. As a result of a redetermination,lP in which vari- 
ous possible sources of error have been avoided, it seems now to be 
definitely established that the ionising potential is in the neighbour- 
hood of, and not greater than, 20 volts. I n  view of the considerable 
liscrepancy, it would seem that the mechanism of the ionisation 
process is different from that which has been previously assumed. 

11 N. F. Hall, J .  Amer. Chem. SOC., 1917, 39, 1616; A. ,  ii, 438. 
l2 Phil. Mag., 1917, [vi], 34, 478. 
13 Ibid. ,  488. 
14 C, B. Bazzoni, ibid., 1916, [vi], 32, 566 ; A., ii, 63. 
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GENERAL AND PHYSICAL CHEMISTRY. 5 

According to Debye,15 the frequencies of the K series of lines in  
the high frequency spectra of elements between sodium (atomic 
number 11) and neodymium (atomic number 60) exhibit relations 
which suggest that  the atoms of all these elements have three elec- 
trons in the innermost ring. The elements of low atomic number 
have, however, a different constitution. 

Enaission Spectra. 

The question of the nature of the Baliner series of hydrogen lines 
has not hitherto received a definite answer. It has been suggested 
by Sommerfeld that it is due to  the superposition of diffuse, sharp, 
and principal series, but recent measurements 16 of the separation 
of the pairs of lines which constitute Ha and H,> afford no support 
for this view. On the other hand, the observed wave-length differ- 
ences are quite consistent with the hypothesis that  the lines In 
question are principal series lines. 

By a method essentially the same as that previously used in the 
determination of the distribution of intensity in broadened spectral 
lines,” the same authors have investigated the relative intensities 
of hydxogen and helium lines when the spectra are produced under 
different conditions. The results show clearly that  the relative 
intensities of the lines in a particular series depend on the condi- 
tions of the electrical discharge, and that  under conditions in which 
there is a transfer of energy from the longer to the shorter wave- 
lengths ir, a given series there is a concomitant transference of 
energy from one series to another, in the sense that  the associated 
series, and more particularly the diffuse series, are relatively en- 
hanced a t  the expense of the principal series. Such changes in the 
distribution of the line intensities are of particular interest in their 
bearing on the spectra of celestial bodies, and i t  has been found that  
the distribution which is characteristic of some of these stellar 
radiators can be approximately reproduced under laboratory con- 
di t ions. 

The discovery of a method which permits of observations being 
made in the ultra-violet region beyond the limit reached by Scliu- 
inann and by Lyman must be ranked as a highly important develop- 
ment in the investigation of emission spectra. By this method it  
has been possible to determine18 the most rapid vibrations which are 

1 5  P. Debye, Physikul. Zeitsch., 1917, 18, 276;  A.,  ii, 434. 
16 T. R.  Merton and J. W. Nicholson, Phil.  Trans., 1917, [A], 217, 237 ; 

1 7  Phil.  Trans., 1916, [A], 216, 459;  A. ,  1916, ii, 461. 
1 8  0. W. Richardson and C. B. Bazzoni, Phil. Mug., 1917, [vi], 34, 285; 

A . ,  ii, 433. 

A., ii, 521. 
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6 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

emitted by helium, hydrogen, and mercury. Although the limits 
of the spectra could not be fixed with any great degree of accuracy, 
the results indicate tha t  the  limiting frequencies are in  approximate 
agreement with those calculated from the ionisation potentials based 
on Bohr's theory, and not with the potentials found in the experi- 
ments of Franck and Hertz. 

Crystal S t r z i c twe  and t h e  Molecular Hypothesis.  

The interference effects observed when crystalline substances are 
examined by means of X-rays according t o  the methods of W. H. 
and W. L. Bragg have led. to views on the structure of crystals 
which, t o  some chemists, appear to be incompatible with the ordin- 
ary molecular hypothesis as applied to solid substances. It is natural 
t ha t  conclusions which would seem t'o involve the idea tha t  mole- 
cules have no real existence in one of the three states of aggrega- 
tion should have attracted the attention of the  chemist, and, in 
point of fact, the matter has been the subject of much discussion. 

It is not merely a question of the individuality of molecules in the 
crystalline state, bu t  questions of valency, of chemical affinity, of 
intra-molecular as distinguished from inter-molecular forces, are 
obviously involved. 

If we except the  evidence afforded by partition phenomena in 
the formation of solid solutions, there is, it is true, no method 
which permits of the  determination of molecular weights i n  the 
solid state. I n  this respect our knowledge of solids stands on 
quite a different plane from that, of gases and possibly of liquids, in 
t ha t  the Avogadro hypothesis is generally accepted as affording a 
general method f o r  the determination of molecular magnitudes in 
the  gaseous state and also in  dilute solutions. Even when this differ- 
ence is recognised, and it is admitted tha t  there is no clear evidence 
of any continuity in the  transition from the fluid t o  the crystalline 
state in any circumstances, yet many chemists will hesitate t o  accept 
the view tha t  this transition involves such an  apparently funds- 
mental change as the  obliteration of the molecule, unless the evi- 
dence in its favour is of the strongest possible kind. For the 
present, the evidence consists in the structural relations which seem 
to follow from the  rational interpretation of X-ray interference 
effects, and one of the interesting problems of the future will be to  
reconcile the  X-ray crystal models with thO molecular hypothesis. 
It is, of course, not by any means universally admitted tha t  there 
is any real discrepancy, bu t  the  majority of chemists undoubtedly 
incline towards this view. 

The X-ray crystal models are criticised by A. Smits and F. E. C. 
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GENERAL AND PHYSICAL CHEMISTRY. 7 

Scheffer,lp who contend that the models ought to differentiate 
between those atoms which are chemically combined in the same 
molecule and those which are constituents of different molecules, 
although it is admitted that  the distances between the molecules 
are smaller than the molecular diameter and that  the distances 
between atoms which belong to different molecules are not much 
greater than those between atoms in the same molecule. The 
models are also said to conflict, with the idea that  chemical attrac- 
tion is localised in centres, the number of which is determined by 
the valency of the atom. 

Similar views are expressed by A. Fock,20 J.  BeckenkampY2l and 
J. Stark.22 From considerations based on electro-affinity, the 
last-named considers i t  impossible for intra-molecular linkings to 
be destroyed in the crystalline state. Structural models in which 
the individuality of the molecules is retained are put forward by 
the above-mentioned authors, and it is claimed that  these are 
equally consistent with the ;k'-ray interference effects which are 
shown by the substances in the crystalline condition. 

According to I L a n g m ~ i r , ~ 3  the compound substances for which 
atomic models have been set up are not to be considered as typical, 
for they are all polar compounds in which the atoms are linked 
together by residual valencies. I n  such compounds, it must be 
supposed that the entire crystal represents a single molecule. 

F. Rinne24 maintains that  the purely atomic conception of 
crystal structure is untenable, and contends that structural 
groups of atoms are clearly discernible in certain cases, although 
the number of molecules contained within the unit space-lattice 
bears no relation to tha real molecular complexity of the substance. 
A similar view is put Iorward by P. Pfeiffer,25 who, in applying 
the theory of valency and the rules of co-ordination to various 
substances which have been examined by the X-ray method, 
derives molecular formulze for various substances in the crystalline 
state. I n  this connexion, i t  is pointed out that, a t  the present 
time, diamond is the only crystalline substance for which the 
X-ray structure is in agreement with the accepted valency of the 
constituent atoms. 

lB Proc. K. Akad. Wetensch. Amsterdam, 1916, 19, 432; L4., ii, 78. 
2o Centr. illin., 1916, 392; A . ,  ii, 129. 
21 Ibid., 1917, 9 7 ;  A., ii, 296. 
2 2  Jahrb. Radioaktiv. Elektronik, 1915, 12, 280. 
23 J .  Amer. Chern. Soc., 1916, 38, 2221; A. ,  ii, 19. 
24 Zeitsch. anorg. Chem., 1916, 96, 317; A , ,  ii, 18. 
25  Ibid., 1915, 92, 376; A. ,  1916, ii, 228; ibid. ,  1916, 97, 161 ; A.,  

ii, 78. 
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8 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

The results obtained by L. Vegard*G in the investigation of the 
closely related members of the tetragonal group comprising zircon, 
rutile, cassiterite, xenotime, and anatase also suggest that  mole- 
cular groupings are discernible in the crystal structure. The 
structures assigned t,o zircon, rutile, cassiterite, and xenotinie, 
correspond with the nlolecular formulze ZrO,,SiO,, (Ti02)2, 
(Sn02)2, and Y02,P02 respectively. These formulze appear to 
involve the assumption that change of state may involve a change 
in  structure, for it cannot be denied that  the representation of 
xenotime as a phosphate of the formula YPO, is supported by 
evidence of considerable weight. 

The application of X-ray methods of analysis to mixed crystals 
would seem to indicate that  the interpenetration of the components 
is of a very intimate kind. Observations made by Bragg’s method 
on mixed crystals containing potassium chloride and bromide, and 
on crystals containing potassium and ammonium bromides,27 show 
that  the reflection maxima from the cube and dodecahedron faces 
are of normal type and intermediate in position compared with the 
maxima exhibited by the pure components. If the crystals were 
built up of superimposed layers of the two components, it might 
be expected that  the reflection spectra would show double maxima. 
Such double maxima are not actually found, and the conclusion 
is drawn that’ the mixed crystals have a space-lattice which is 
similar to that  of either component, the atoms of the isomorphous 
elements being mutually replaceable. 

This view does not accord with conclusions which have been 
drawn from observations28 of a different type on mixed crystals 
containing zinc and magnesium sulphates, Zn(Mg)S0,,7H20. 
These mixed crystals are said to  differ from crystals of the com- 
ponent substances in the appearance of certain vicinal faces and 
in the mode of dehydration. In  explanation of these differences, 
i t  is suggested that the mixed crystals consist of superimposed 
layers of the components. It is very probable, however, that  the 
X-ray observations represent the indications of a much more 
delicate instrument, and on that account afford more trustworthy 
information relative to the constitution of mixed crystals. 

I n  this connexion, reference may be made to results obtained 
in the examination of crystals of ammonium sulphate and rubidium 
sulphate. According t o  Tutton’s crystallographic measurements, 

26  Phil. Mag., 1916, [vi], 32, 65 ; A., 1916, ii, 405; 

2 7  L. Vegard and H. Schjelderup, Physikul. 

** C. Viola, Atti R. Accad. L i n c e i ,  1916, [v], 25, ii, 285; A . ,  i i .  79. 

1916, [vi], 32, 505 ; 

Zeitsch., 1917, 18, 93 ; A . ,  
A. ,  1916, ii, 593;  1917, [vi], 33, 395; A., ii, 296. 

ii, 243. 
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GENERAL AND PHYSICAL CHEMiS'TKY. !I 

the structural dimensions of corresponding ammonium and 
rubidium salts show a very close approximatioll to equality, and 
this is fully borne out by the X-ray investigation of the sulphates.29 
The structural relations exhibited by these salts are obviously 
incompatible 30 with the valency volume theory of Pope and 
Barlow, for this would make the volume of ammonium sulphate 
twice as large as that  of rubidium sulphate, whsreas the actual 
volumes of the space units are very nearly equal. 

An important development in the methods used in the investiga- 
tion of crystal structures is to be recorded. The methods of Bragg 
and von Laue demand a knowledge of the crystallographic system 
to which the substances under investigation belong, and also require 
that well-formed crystals shall be available. I n  thO application 
of the new method,31 the morphological information can be dis- 
pensed with, and the structure can be determined on crystals of 
microscopic or submicroscopic dimensions. The interference figures 
are obtained by pressing the crystalline powder to form a small 
rod, which is placed in the axis of a cylindrically arranged sensitive 
film, and subjected to the influence of monochromatic X-rays, 
when characteristic curves are obtained on the developed film, these 
being the result of interference phenomena conditioned by the 
structure of the minute crystals. 

The method has been applied in the investigation of the structure 
of graphite and amorphous carbon, with the result that  graphite 
is found to be trigonal and that  amorphous carbon is identical in 
structure with graphite, the difference between the two forms con- 
sisting simply in the degree of subdivision of the substance. It 
would therefore seem that there are but two structurally different 
modifications of carbon, namely, diamond and graphite. I n  the 
former, the carbon valencies are arranged tetrahedrally, whilst in 
graphite three of the valencies (principal) are in one plane and 
inclined to one another a t  120°, the fourth (secondary) valency 
being disposed a t  right angles to this plane. It is claimed that 
this structural difference is in harmony with the differences in the 
chemical properties of the two modifications. 

The further investigation of secondary-ray interference figures 
would seem t o  offer a means of elucidating the relations between 
other so-called allotropic forms.32 

29 A. O g g  and F. L. Hopwood, Phil. Mug., 1916, [vi], 32, 518 ; A. ,  1916, 

30 A. E. H. Tutton, Proc. Roy. SOC., 1917, [A], 93, 72 ; A.,*ii, 244. 
31 P. Debye and P. Schemer, PhysikaE. Zeitsch, 1917, 18, 291 ; A . ,  ii, 437. 
32 J. Olie, j"., and A. J. Byl, Yroc. K .  Akad. Wetensch. Amsterdam, 1917, 

ii, 594. 

19, 920, A., 11, 286. 
B* 
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10 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

The importance of a knowledge of crystal structure for the 
identification of substances is admirably demonstrated 33 in a short 
account of the application of the  crystallogaphic methods of 
Fedorov i n  the identification of a minute crystal of intestinal 
origin, which was found to consist of phenyl salicylate. 

St T I C C  t w e  of Inoryccnic c‘o inpo 1171 tls. 

The old conception of duplex affinity, which was the foundation 
of t h e  dualistic system, has recently been made use of in an 
attempt34 t o  devise structural formula: for complex inorganic com- 
pounds. I n  addition to the distinction previously made 35 between 
positive and negative affinity, the formulz in  question involve a 
further distinction between primary and secondary affinity. This 
secondary affinity only shows itself when the primary affinity has 
come into play. Compounds formed by the  saturation of primary 
affinity only are characterised by a transfer of electrons from one 
atom to  another, and these compounds are of the’ “strong elec- 
trolyte ” type. “ Molecular compounds ” are formed by the satura- 
tion of negative affinity only, whilst saturation OF both primary 
and secondary affinity leads to the formation of compounds of the 
“organic compound’’ or “paraffin” type. Apart  from this dis- 
tinction between different groups of substances, the  theory offers 
a plausible explanation of many facts connected with the strengths 
of acids and bases, of t he  relative stabilities of metal ammonia com- 
pounds, and of the phenomenon of polynierisation. 

Electrical Conductivity of Solutions. 

The general adoption of the Kohlrausch method for the  deter- 
mination of t he  electrical conductivity of solutions has been facili- 
tated by the  fact t h a t  fairly accurate results can be’ obtained with 
simple apparatus of a readily accessible kind. For many purposes, 
this degree of accuracy is amply sufficient, bu t  according to recent 
investigations, it is evident t ha t  measurements of t he  conductivity 
of solutions can be made with an  accuracy far exceeding t h a t  
which is usually attained. These researches 36 cover the  investiga- 
tion of the  influence of all the various factors which affect the 
measurement of conductivity, including the action of the  mechanism 
for producing alternating currents, t he  arrangement of the  bridge 

33 T. V. Barker, Lancet,  May 26th, 1917. 
34 S. H. C. Briggs, T., 1917, 111, 253; A., ii, 254. 
35 T., 1908, 93, 1564. 
36 W. A. Taylor and S. F. Acree, J. A m r .  Chem. SOC., 1916,38, 2396, 2403, 

2415; A., ii, 7, 8. E. W. Washburn, ibid. ,  1916, 38, 2431 ; A., ii, 10. 
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OENERSL AND PHYSICAL CHEMISTRY. 11 

system, the design and construction of conductivity cells, and the 
sensitiveness of indicating instruments. 

It has been found that the Vreeland oscillator is the best ant1 
most convenient form of instrument for the production of 
alternating currents for conductivity work, this form of generator 
giving a nearly pure sine wave which can be adjusted a t  will. A 
properly constructed telephone receiver, tuned to the frequency 
employed, is found37 to be the most suitable indicating instru- 
ment, the degree of precision in the setting being limited and 
finally controlled only by the temperature fluctuations of the 
thermostat. The conductivity cell should be designed to fit the 
telephone, and theoretical considerations afford information which 
may be advantageously utilised in the construction of such cells. 

lor& Dissociation. 

By general consent, the original expression for the degree of 
ionisation of an electrolyte has been modified by the introduction 
of a correction factor which, in its simplest form, involves the 
assumption that the ionic mobility varies inversely as the viscosity 
of the solution. The degree of ionisation is accordingly given by 
y=h,qvlh, q,, in which qv is the viscosity of the solution a t  dilu- 
tion v, and r ] ,  is the viscosity of the pure solvent. 

The values of y for solutions of hydrochloric acid have been 
recently compared 38 with the corresponding values of a derived 
from the equation E2 - El = 2RI '  log a , c , / c q 2 ,  in which E ,  and E2 
are the values of the E.M.F.  of a cell of the type hydrogenelectrode I 
HClIIHg,Cl, I Hg, when the concentrations of the acid are re- 
spectively c1 and c2. By assuming that y and a have the same 
value in the most' dilute solution, i t  is possible t o  compare the 
corresponding values in more concentrated solutions. The results 
are shown in the following table: 
Mols. HCI 
per 1000 

grams H,O 0.00167 0.002 0.005 0.01 0.02 0-05 0.1 0.2 0.5 1.0 
y... ... 0.988 0.988 0.981 0.972 0.962 0.944 0.925 0.909 0.890 0.845 
u... ... 0.988 0.987 0.971 0.947 0.918 0.874 0.843 0.818 0.793 0.857 

It is evident that  a decreases more rapidly than y with increasing 
concentration, and that there is a very appreciable difference in 
O.1N-solutions. Similar differences have been found39 in the com- 
parison of the y and a values for solutions of potassium chloride. 

37 E. W. Washburn and K. Parker, J .  Arner. Chern. SOC., 1917, 39, 235; 
A . ,  ii, 235. 

38 J. H. Ellis, ibid., 1916, 38, 737; A. ,  1916, ii, 369. 
39 D. A. MacInnes and K. Parker, ibid. ,  1915, 37, 1445; A. ,  1915, 

ii, 510. 
B" 2 
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12 ANNUAL REPORTS ON THE PROGRESS OF CHEMlS’l’RY. 

In comparing thus the values of y and a, i t  should be recognised 
that these are not identical from the theoretical point of view, for 
cy measures the ion concentration, whereas c a  affords a measure 
of the chemical activity of the ion in the thermodynamic sense. 
By assuming that  the conductivity-viscosity ratio gives the correct 
degree of ionisation, itj is possible to calculate the value of the 
activity-coefficient a from freezing-point data. Such data of the 
requisite degree of accuracy are available in the case of solutions 
of potassium chloride, and the values of a calculated in this way 
are found to be in good agreement with the values obtained from 
the E.M.F. measurements previously referred to. It would seem 
legitimate to conclude from this concordance that  the conductivity- 
viscosity ratio affords an accurate measure of the degree of ionisa- 
tion, but that this is not a measure of the ion activity. I n  accept- 
ing this result, i t  should in all probability be stipulated that the 
true transport numbers for the electrolyte in question should be 
independent of the concentration of the solution. 

I n  an attempt to find a general expression for the relatioii 
between the concentration and the degree of ionisation, which should 
be applicable to all electrolyte solutions, Kraus and Bray40 put 
forward the formula ( c a ) 2 / c ( l -  a) = K + k ( c a ) n ,  in which R, k, and 
?L are constants determined by the nature of the electrolyte and 
the nature of the’ solvent. The same formula was independently 
suggested by MacDougall41 to account for the behaviour of aqueous 
solutions of strong electrolytes. Somewhat later, the equation 
( c a ) 2 / c ( l -  a)  = K + k { c(1-  a) )” was put forward by Szy~zkowski,~~ 
and this author has more recently pointed out43 that this formula 
is equivalent to that  of Kraus and Bray, the only difference being 
that the deviations from the law of mass action are attributed in 
the one case to the influence of the ions (K. and B.) and in the 
other t o  the influence of the non-ionised molecules (S.). The fact 
that  the ionisation reaches a minimum value at4 a certain concen- 
tration is perhaps more readily interpreted in terms of Szyszkowski’s 
formula. 

It has been shown that the concentration, which corresponds 
with this minimum ionisation, decreases as the specific inductive 
capacity of the solvent falls, and that for solvents of low dielectric 
capacity, this concentration falls within the range of solutions which 
are unsaturated and may be actually realised. The behaviour of 

40 J. Amer. Chem. Soc., 1913, 35, 1315; A. ,  1913, ii, 914;  Science, 1912, 

41  lb id . ,  1912, 34, 855 ; A. ,  1912, ii, 826. 
4 2  Medd. Nobel Inst., 1916, 3, No. 2 ; A., 1915, ii, 616. 
43 Ibid., 1916, 3, No. 11 ; A. ,  ii, 127. 

35, 433. 
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GENERAL AND PHYSICAL CHEMISTRY. 13 

electrolytes in such solvents has been frequently examined 44 in 
recent years, and it seems to be clearly established that  the pheno- 
mena of ionisation in liquid media of this type differ very con- 
siderably from those which are exhibited by typical aqueous solu- 
tions. I n  particular, it has been shown that  electrolytes in solvents 
of low dielectric capacity exert an ionising influence on one another, 
with the result that  the electrical conductivity of mixtures of 
electrolytes in these solvents cannot be calculated by the ordinary 
mixture rule or by the application of the principle of isohydry. 

The facts brought to light by the study of the influence of the 
solvent on the ionisation of electrolytes appear t o  shed some 
illumination on the question of the ionisation of salts in the fused 
and crystalline states.45 There is evidence to  show that the degree 
of ionisation of fused electrolytes varies but  slightly with the 
temperature, the change in  the electrical conductivity being almost 
entirely due to changes in viscosity.46 The solidification of a fused 
salt is accompanied by a very large fall in the conductivity, but 
according to  potential measurements made on a cell of the type 
silver I crystallised silver nitratel [ fused silver nitrate I silver a t  the 
temperature of fusion of silver nitrate, it seems that there is no 
appreciable difference in the concentration of the silver ions in the 
fused and crystalline salts. From this, it follows that the fall in 
conductivity on solidification is to be attributed to a very large 
diminution in the mobility of the ions and not t o  a change in the 
degree of ionisation. 

The commonly accepted view, that  salts are not ionised until 
they are dissolved in suitable solvents, is obviously incompatible 
with the above' hypothesis, for  this assumes that  normal electrolytes 
are appreciably ionised in  the crystalline state. Substances, s.uch 
as hydrogen chloride, which are non-conductors in the pure liquid 
condition, and yet give highly conducting solutions when dissolved 
in water, are regarded as anomalous, and i t  is supposed that  these 
react in some way with the ionising solvent, this reaction being 
attended by marked thermal and other effects which accompany 
the dissolution process. 

44 Compare A. N. Sachanov and J. S. Prsheborovski, Zeitsch. EEektrochem., 
1914, 20, 39 ; A., 1914, ii, 92 ; A. N. Sachanov, Zeitsch. physikal. Chem., 
1914, 87, 441 ; A. ,  1914, ii, 419 ; A. N. Sachanov and J. S. Prsheborovski, 
J .  Russ. Phys. Chem. SOC., 1915,47, 849; A. ,  1915, ii, 729 ; A. N. Sachanov 
and A. I. Rabinovitsch, ibid., 1915, 47, 859 ; A.,  1915, ii, 730. 

46 A. N. Sachanov, J .  Russ. Phys. Chem. Soc., 1916, 48, 341; A., ii, 115. 
Compare R. Lorenz, " Elektrolyse geschmolzener Salze," 111, 289. 
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14 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY, 

Overvoltage. 

I n  spite of the practical importance of overvoltage effects in 
electrolytic reduction and oxidation processes, the phenomenon has 
not received any great amount of attention. With the object of 
supplying data which may be utilised in the production and main- 
tenance of definite overvoltages in such electrolytic processes, 
systematic experiments have recently been made by E. Newbery 
which not only afford the requisite information for the actual prac- 
tice of electrolysis, but serve to throw further light on the nature 
of overvoltage effects, 

Results obtained with different metals in acid and alkaline solu- 
tions show that anodic overvoltages47 are in general much higher 
than the corresponding cathodic effe~ts.~8 It is mainly on this 
account that  electrolytic reduction processes can be more easily 
graded, whilst electrolytic oxidation tends to give' highly oxidised 
products, and ultimately carbon dioxide. 

Although a certain ambiguity attaches to the choice of what is 
to be regarded as the normal value of the overvoltage, the results 
show fairly clearly that the magnitude of the cathodic overvoltage 
is determined by the position of the metal in the periodic table.49 
The metals can, in fact', be divded into nine groups, of which the 
last eight correspond with groups I-VIII of the periodic system. 
The same metal may show overvoltages corresponding with more 
than one group, but  when this occurs, i t  is found, in nearly all 
cases, that  the metal in question forms compounds in which its 
valency agrees with that of the other members of each of these 
groups. The first or zero group contains metals which under 
certain conditions, show no overvoltage, but all the zero group 
metals are to be met with in one or more of the other groups. The 
overvoltage increases in equal steps in passing from group 0 to 
group 11, and thereafter decreases gradually fram group I1 to 
group VIII .  

The existence of this relation between cathodic overvoltage and 
the valency of the cathode metal cannot be satisfactorily explained 
in terms of the older theories of Nernst, Le Blanc, and Foerster, 
which attribute the effects to the operation of physical, that  is to 
say, non-chemical, forces. The theory advanced by Newbery5O t o  
account for the facts is distinguished from the older theories, in 
that  it assumes that  chemical forces come into play which lead to 

4 7  T., 1916, 109, 1066 ; A. ,  ii, 598. 4~3  Ibid., 1051 ; A. ,  1916, ii, 598. 
49 Ibid., 1107;  A.,  ii, 12. 
5 0  Ibid., 1359 ; A., ii, 64 ; compare also Mem. Manchester Phil. SOC., 1916, 

60, No. 11 ; A. ,  ii, 290. 
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GENERAL AND PHYSICAL CHEMISTRY. It5 

the formation of definite compounds by combination of the dis- 
charged hydrogen with the metal of the cathode. These hydrides 
are unstable, endothermic compounds with a high solution pressure 
which is supposed to  be the immediate cause of the overvoltage 
effect . 

I t  is suggested that  the hydrides which show the group over- 
voltage are the lowest formed by the metals in each group, and 
tha t  the addition of an atom of hydrogen to any hydride changes 
the overvoltage to the value which is characteristic of the pre- 
ceding group. I n  other words, the solution pressures of the 
hydrides are determined by the number of unsaturated valency 
bonds. When no hydride is formed, the metal behaves as a 
hydrogen electrode, this behaviour being exhibited most clearly by 
the platinum metals. 

Although the anodic overvoltages do not show quite the same 
degree of regularity, the theory would, in the same way, attribute 
anodic overvoltage to the formation of unstable oxides. As is 
well known, the formation of oxide films forms the basis of 
Faraday’s theory of the passive state, and according to the theory 
under discussion, passivity may be expected when the oxides formed 
are good conductors of electricity and a t  the same time are relatively 
insoluble in the electrolyte solution. If, on the other hand, the 
oxides are poor conductors and insoluble, the conditions are favour- 
able to the manifestation of valve action. The theory thus corre- 
lates a number of otherwise disconnected facts, overvoltage effects 
being connected up with passivation, valve action, and also with 
the periodicity which is exhibited in electrolytic passivation in 
certain circumstances. 

Chemical Dynnmics. 

The theory that, neutral molecules are much less reactive than 
electrically charged ions was at, one time in considerable favour, 
but this view is not warranted by the results of a large amount of 
recent work on the mechanism of reactions. The kinetic investiga- 
tion of reactions of various types has, in fact, shown that  the 
reactivity of molecules is very frequently of the same order as that  
of the corresponding ions, and in some cases the molecule appears 
to be the more reactive form. When electrolytes react in both 
these forms, the actual progress of the reaction represents the 
additive effect of molecular and ionic activity, but the relative 
activities can readily be dednced from the results of experiments 
in which the concentration of the electrolyte is varied. 

Recent work of Acree and his collaborators, who have furnished 
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16 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

a large body of evidence in support of the dual activity of electro- 
lytes, indicates that the ratio of the activities of the molecular and 
ionic forms of a substance is not independent of the reaction in 
which the substance takes part. A comparison of the results 
obtained for the alkali metal ethoxides in the inversion of 
Z-menthone 51 and in the action on methyl iodide52 reveals a con- 
siderable difference in the ratio of the activity of the non-ionised 
ethoxide to that  of the ethoxide ion. A similar variation has been 
previously noted in the action of acids as catalysts. On the other 
hand, recent measurements 53 of the rate of transformation of 
y-hydroxyvaleric acid into valerolactone with hydrochloric acid as 
catalyst have given a value for the activity ratio which is the same 
as that found for the acid when used as catalyst in the hydrolysis 
of ethyl acetate.54 

Experiments on the catalysing power of a series of strong acids 55 

show that  the activity of the non-ionised acid is in all cases greater 
than that of the hydrogen ion. The catalysing power of the non- 
ionised acid decreases in the order hydrochloric, hydrobromic, tri- 
chloroacetic, ptoluenesulponic, trichlorobutyric acid. I n  the case 
of the last-mentioned acid, the ratio of molecular t o  ionic activity 
is nearly equal to unity, and the catalysing power is consequently 
determined solely by the concentration of the acid and is inde- 
pendent of its degree of ionisation. The results obtained for the 
inversion of Z-menthone by lithium ethoxide show also that this 
electrolyte is equally active in the ionised and non-ionised forms.56 

The facts est'ablished by G. Senter in his investigations of the 
mechanism of the reactions between halogen-substituted acids or 
their salts and water or alkali hydroxides57 not only afford evidence 
of the composite nature of these reactions and of' the identity of 
the reacting molecular species, but have an additional interest in 
that  they have been applied58 in the further examination of the 
phenomenon usually referred to as the Walden inversion. It seems 
quite plausible to assume that the optical character of the product, 
which is obtained by replacement of the halogen in an optically 

5 1  W. A. Gruse and S. F. Acree, J .  Amer. Chem. SOC., 1917, 39, 376 ; A. ,  

5 2  B. M. Brown and S. F. Acree, ibid., 1916, 38, 2145; A. ,  ii, 24. 
53  H. S. Taylor and H. W. Close, ibid., 1917, 39, 422 ; A. ,  ii, 253. 
5 4  H. S. Taylor, ibid., 1915, 37, 551 ; -4., 1915, ii, 248. 
5 5  H. M. Dawson and T. W. Crann, T., 1916, 109, 1262; A. ,  ii, 26. 
5 6  W. A. Gruse and S. F. Acree, loc. cit. 
5 7  Compare G. Senter and H. Wood, T., 1916, 109, 681 ; A., 1916, ii, 523, 

5 8  Compare G.ISenter a n l  G. H. Martin, ibid., 1917, 111, 447 ; A . ,  ii, 447, 

ii, 251. 

and previous papers. 

and previous papers. 
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GENERAL AND PHYSICAL CHEMISTRY. 17 

active organic acid by the hydroxyl or amino-group, may vary 
according to whether the substitution has been effected in the non- 
ionised molecule or in the corresponding anion. The fact that  the 
sign of the product is influenced by the nature of %he medium in 
which the reaction takes place59 is doubtless capable of explana- 
tion on similar lines, and sufficient evidence has already been 
obtained to warrant the conclusion that  the problem of the Waldeii 
inversion will probably find a solution on the lines of Senter's 
kinetic investigations. 

The experimental study of certain reactions has been much 
facilitated6O by the use of regulator mixtures. These mixtures are 
frequently employed for the production of aqueous solutions which 
have a well-defined hydrogen ion concentration, and by making use 
of them in kinetic experiments i t  is possible to maintain the active 
mass of one or other of the reacting substances constant, and 
thereby to prevent disturbances such as would arise from a tendency 
to reversal or from the auto-catalytic influence of the products of 
reaction. 

According to Skrabal,61 such regulator mixtures are to be dis- 
tinguished according to whether they act as static or  as dynamic 
regulators. This distinction is based on the difference in the 
rapidity with which any disturbance of the equilibrium between the 
components of the regulator mixture is nullified. I n  its control 
of the hydrogen ion concentration, a mixture of sodium dihydrogen 
phosphate and disodium hydrogen phosphate behaves as a static 
regulator, whilst a mixture of pot'assium iodide and iodate behaves 
as a dynamic regulator. The dynamic course of a particular reac- 
tion varies according to whether the reaction is controlled by a 
static or by a dynamic regulator, but the results obtained in the 
investigation of the rate of hydrolysis of certain esters62 show 
that  both lead to the same value for the velocity-coefficient of the 
controlled reaction. 

According to observations63 on the rate of hydrolysis of 
dialkyl carbonates, this reaction proceeds a t  a conveniently measur- 
able rate in a solution of sodium carbonate, whereas the corre- 
sponding sodium alkyl carbonates are hydrolysed with immeasurable 
rapidity whether the solution is alkaline or acid. The anomalies 
afforded by these kinetic observations have led to the suggestion 

5D G. Senter and H. D. K. Drew, T. ,  1915, 107, 638;  A . ,  1915, i, 535;  

6 o  Compare A. Skrabal, Monatsh., 1917, 38, 29;  A , ,  ii, 250; A. Skrabal 

61 Monatsh., 1917, 38, 159. 
6 2  A. Skrabal, ibid., 180. 

T., 1916, 109, 1091; A.,  1916, i, 815. 

and A. Sperk, ibid. ,  1917, 38, 191. 

Ibid. ,  305. 
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18 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

that  the second stage in the hydrolysis of the carbonic esters is 
not really a hydrolyt,ic process, but an intramolecular change 

represented by the formula CO <:: + CO, + ROH. 

The dehydration of certain crystalline hydrates has been found 
to show irregularities in the initial stages, the effect being equi- 
valent to a period of induction. Experiments made with copper 
sulphate pentahydrate64 show that  the' crystals have a t  first a 
much smaller tendency to give up water than in the later stages, 
in which the progress is in accordance with the requirements of 
the law of probability. Mechanical stirring of the finely powdered 
crystals, and the presence of crystals of the trihydrate, tend t o  
obliterate the induction period, and in general the facts suggest 
a close analogy with the behaviour of supersaturated solutions. 
I f  this view is correct, i t  may be that the induction period is to 
be explained in terms of the relatively high vapour pressure of 
very small particles of the trihydrate, and in that case it is un- 
necessary to assume the intermediate formation of an unstable 
amorphous form 86 in order to account for the changes in the vapour 
pressures of crystalline hydrates. 

It has been proposed66 that  the usual method of recording the 
velocity of reactions should be modified by substituting for the 
velocity-coefficient (k) a number the significance of which can be 
more readily visualised. If the unit of time is so chosen that 
k = 1, then this unit of time ( t )  affords a direct indication of the 
speed of the reaction for unit concentration of the reacting sub- 
stances. If, for instance, k=O*O2 (time in minutes), then t =50 
minutes, which signifies that  one gram-molecule of the sub- 
stances will react in 50 minutes when the concentration is equal to 
unity. 

The radiation hypothesis of chemical reactivity has been further 
developed, and it is shown67 that  the idea that  molecules become 
reactive when the energy content reaches a certain critical value is 
quite compatible with the fact that  the reaction may be accom- 
panied by the absorption or liberation of heat. In  the simplest 
case of a unimolecular reversible change, the connexion between the 
heat of reaction, Qv, and the critical increments of the two 
kinds of molecules, El and E,, is given by the equation 
Qv = E, -E l ,  which by introduction of the quantum hypothesis 
assumes the form Qv=Nh(vz-v l ) ,  in which vl and v2 are the 

6 4  W. N. Rae, T., 1916, 109, 1229; A., ii, 24. 
6 5  J. R. Partington, {bid., 1911, 99, 466. 
6 6  J. W. McBain, Trans. Paradug Soc., 1917, 13. 
6 7  W. C. M. Lewis, T., 1917, 111, 467; A,, ii, 302. 
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GENERAL AND PHYSICAL CHEMISTRY. 19 

critical frequencies of the reacting substances. The latter equa- 
tion is found to hold for a numbe*r of high-temperature reactions.68 

Chemical E yui l ib  k m ~ .  

There is a good deal of evidence to show that  the equilibrium 
in a reversible system varies with the nature of the solvent. The 
displacement of the equilibrium in passing from one solvent to 
another must be ascribed to a difference in the heat of reaction in 
the two solvents, and this, in its turn, may be referred to differ- 
ences in the heats of dissolution of the reacting substances in the 
solvents in question.69 If the reversible reaction is represented by 
B t B ,  and Q A and Q’F are the heats of dissolution of A in two 
different solvents, the corresponding values for B being Q R  and 
Q’,# then the relation between the equilibrium constants K and K‘ 
is given by logR/K’=(&.-&’,)-(&.-&’,,)IIZT. I n  such 
systems, the solvent cannot be supposed to play the part  of a 
catalyst when this is defined in the usual way. 

I n  an interesting contribution to the question of the influence 
of temperature on chemical equilibrium, F. E. C. Scheffer70 has 
arrived a t  the conclusion that the accuracy attained in the in- 
vestigation of gaseous equilibria, and more particularly equilibria 
a t  higher temperatures, does not warrant the use of the relatively 
complicated formuh which are frequently employed to rwresent 
the dependence of the equilibrium on the temperature. 

The fundamental thermodynamic equation is 
d log X/dT = - Q/RT2,  

and by making different assumptions in regard to the influenct 3f 

the temperature on the heat of reaction, this differential equation 
leads t o  various integrated forms, which may be directly employed 
in testing the experimental observations. 

If the heat of reaction is independent of the temperature, which 
is equivalent to the assumption that  the algebraic sum of the heat 
capacities of the reacting substances is zero, then &=a and 
log K = a/ T + b (1). I f  the algebraic sum of the heat capacities is 
not zero, but has a constant value independent of the temperature, 
then &=a+bT and l o g K = a / T - b l o g T + c  (2). I f ,  again, the 
sum of the heat capacities is a linear function of the temperature, 
then & = a + b T + c T e  and logK=a/T-blogT-cT+d (3). 

Scheffer’s investigation of the available data relative t o  gaseous 

6 8  W. C. M. Lewis, T., 1917, 111, 1086. 
69 A. Smits, Proc. K .  Akad. Wetensch. Amsterdam, 1917, 19, 708;  A. ,  

ii, 171. 
7o  Ibid., 636 ; A., ii, 170. 
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20 ANNUAL REPORTS ON T H E  PROGRESS OF CHEMISTRY. 

equilibria at high temperatures has shown that, in almost every 
case, the influence of temperature can be adequately represented 
by the simplest equation. The dissociation of hydrogen iodide may 
be quoted as an example. According to Bodenstein, his observa- 
tions between 550° and 800° are satisfactorily represented by equa- 
tion (3), but, as Schsffer points out, this formula fails to reproduce 
Steigmuller’s observations for  the temperature interval 300-350°, 
whereas the simple equation (1) represents the experimental data 
for both intervals of temperature quite satisfactorily. 

Theoretical considerations relative to the influence of tempera- 
ture on chemical equilibrium also lead t o  the conclusion that  the 
data for systems, in which solids react with gases, are not nearly as 
accurate as a cursory examination would suggest. The data 
obtained in the investigation of cert’ain systems of this type point 
to the existence of a maximum or minimum value of R a t  a par- 
ticular temperature. On the assumption that this is a real effect, 
i t  is obvious that equation (1) cannot represent the influence of 
temperature on the equilibrium, for this equation does not admit 
of a maximum or a minimum in the value of the constant K .  

According to the recorded data71 for the equilibrium in the 
system Fe+ CO, FeO + CO, the equilibrium constant has a 
minimum value a t  680O. A t  this temperature &=O, whilst at  
585O & =  -3110 cals. and a t  835O &= +8720 cals. This difference 
of 11,830 cals. in the heat of reaction for a change of temperature 
of 250° corresponds with a difference of 47.3 in the algebraic sun1 
of the molecular heats of the substances taking part in the reaction. 
Since the difference between the heat capacities of the substances 
on opposite sides of the equation is solely due to differences in the 
mode of combination of thO elements and the effect of this re 
arrangement is known to be small, i t  appears legitimate to concIude 
that the experiment,al data are untrustworthy. 

This example may suffice to indicate that the analysis of equil- 
ibrium data, according t o  Scheffer’s method, affords a valuable 
criterion in arriving at  an estJmate of the degree of trustworthi- 
ness of data which purport to show the influence of temperature 
on the equilibrium. 

Electrical Ignition of Gaseous Mixtwres. 

An extensive series of observations72 on the ignition of 
inflammable mixtures of gases under the influence of condenser 

7 1  E. Baur and A. Glaessner, Zeitsch. physikal. Chem., 1903, 43, 354; 
A.,  1903, ii, 423. 

7 9  W. M. Thornton, Proc. Roy. Soc,, 1914, [A], 90, 272;  A . ,  1914, ii, 524; 
ibid., 1914, [A], 91, 17 ; A. ,  1914, ii, 834 ; compare also ibid., 1916, [A], 92, 
381 ; A., 1916, ii, 306. 
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GENERAL AND PHYSICAL CHEMISTRY. 21 

spark 01: impulsive electric discharge has led W. M. Thorllton to 
the conclusion that, the minimum energy required for ignition, 
changes in a discontinuous manner with the compsition of the gas 
mixture. For mixtures of air with methane, ethaue, propane, 
carbon monoxide, hydrogen sulphide, and hydrogen, the curves 
which are obtained by plotting the energy of the least igniting 
current against the composition are characterised by one or more 
breaks or steps, which correspond with sudden changes in the ease 
of ignition as the composition of the gas mixture passes through 
certain critical st'ages. These critical mixtures are said to be dis- 
tinguished by the fact that  the ratio of the number of the oxygeil 
atoms t o  the number of the inolecules of inflammable gas is repre- 
sented by a whole number, I n  a further p ~ p e r , ~ 3  it is claimed 
that simple molecular relations of the same kind obtain for those 
mixtures which correspond with the upper and lower limits of 
in Aamma bil itv. 

If i t  were definitely established that  stepped ignition phenomena 
are really cliaracterist'ic of the electrical ignition of inflammable 
gaseous mixtures, the observation would obviously be of consider- 
able theoretical significance. More recent experiments by R. V. 
Wheeler and his collaborators have, however, failed to confirm the 
existence of such effects as have been described by Thornton. 

I n  the course of attempts74 to  repeat the observations on the 
effect of the impulsive discharge from the secondary circuit of an 
inductive coil, i t  was found that comparative results could only be 
obtained when the rate of break of the primary circuit and the 
condition of the secondary spark-gap were rigidly controlled. 
Under these conditions, experiments with mixtures of methane and 
air and of hydrogen and air gave perfectly smooth curves showing 
no sign of discontinuity with change in composition. 

According to Thornton, discontinuities are also met with in the 
ignition of a given mixture under different presures,75 but 
Wheeler's observations on a mixture of methane and air, in which 
the electrical conditions were adequately oontrolled, gave a per- 
fectly continuous curve for a change in pressure from 100 to 
800 mm.76 Experiments a t  higher pressures 77 (500 to 5000 mm.) 
gave the same result. I n  the course of these experiments it was 
noted that the least discharge which could pass across a 1 mm. gap 
was sufficient to cause ignition, and it was found necessary to 
diminish the width of the gap in order to obtain comparative 

73 Phil. Mag., 1917, [vi], 33, 190;  A. ,  ii, 172. 
74 S. G. Sastry, T., 1916, 109, 523; A, 1916, ii, 381. 
75 CoUiery Guardian, 1916, 112, 503. 
7 6  T., 1917, Ill, 130; A . ,  ii, 171. 
7 7  Ibid., 411 ; A., i i ,  300 
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22 ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY. 

measures of the least igniting current. This fact, according to 
Wheeler, offers a possible explanation of the discrepancy between 
the two series of experiments, in that  Thornton’s experimental 
arrangement merely affords a measure of the influence of the com- 
position or of the pressure of the gas on the readiness with which 
the discharge takes place across the spark-gap. This seems t o  be 
quite a reaonable interpretation of the divergence, and although 
it is just possible that some unknown factor is responsible for the 
difference, the evidence is in favour of the view that ignition curves 
are continuous in type, and that there is no satisfactory experi- 
mental basis for the theory of stepped ignition. 

A iiovel method for the determination of ignition-temperatures 
has been de~cribed,7~ in which the gaseous mixture, contained in a 
small soap bubble, is ignited by contact with an electrically heated 
wire or other red hot body, the temperature being noted a t  which 
ignition just takes place. The ignition-temperatures, which have 
been obtained for various mixtures of inflammable gases with air 
by the use of this method, are for  the most part appreciably higher 
than those given by the methods which have been employed in 
previous experiments. The discrepancy is said to be due t o  the 
circumstance that, in the older methods, slow combustion precedes 
the actual ignition and generates sufficient heat t o  raise the residual 
mixture to its ignition point I n  other words, the older methods 
involve a time factor which must be eliminated i f  correct values are 
t o  be obtained for  the ignition-temperatures. It is claimed that 
this is accomplished by the soap-bubble method, which is said to  be 
eminently suitable for  comparative observations and t o  permit of 
fixing the ignition-point with a considerable degree of accuracy. 

It is a well-known fact that, under certain conditions, mixtures 
of inflammable gases and air show an effect which has been described 
as the “uniform movement,” in which the flame produced by 
ignition of the mixture travels with uniform speed for a consider- 
able distance from the point of ignition. The conditions most 
favourable for this effect are that the inflammable mixture should 
be contained in a long horizontal tube, open a t  one end and closed 
at  the other, and that ignition should be effected near the open end 
of the tube by a source of heat not much higher in temperature 
than the ignition-point, and not productive of mechanical disturb- 
ance in the mixture. According to Mallard and Le Chatelier, the 
speed of the uniform movement for a given gaseous mixture is not 
appreciably affected by the cooling of the hot gases by the walls of 
the tube when the diameter of the tube is sufficiently great, and 
i t  has been supposed that the speed of the uniform movement i n  

78  J. W. McDavid, T., 1917, 111, 1003. 
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moderately wide tubes (5-10 cm. diameter) a t  the ordinary pres- 
sure is determined solely by the nature of the gaseous mixture. 

According t o  recent measurements79 in tubes varying from 2.5 t o  
100 cm. in diameter, this is not the case, but the velocity increases 
continuously with increase in the width of the tube. I n  very wide 
tubes, the effect is accompanied by a turbulence of the flame front, 
which is due to the upward movement of the hot gases by con- 
vection. It is evident from these observations that the speed of 
the uniform movement does not possess the attributes which would 
entitle it to be regarded as a characteristic property of a combust- 
ible mixture, and further that  the uniform movement is a strictly 
limited phenomenon which can only be observed in tubes which are 
wide er;tough t o  prevent appreciable cooling and yet narrow enough 
t o  suppress the influence of convection currents. 

The theoretical considerations advanced by Mallard and Le 
Chatelier,so lead to the conclusion that  for mixtures which have 
approximately the same thermal conductivity, the speed of the 
ur,iform movement should be proportional t o  (T - t )  / ( t  - O ) ,  where 
T is the combustion temperature, t the ignition-temperature, and 
0 the initial temperature of the combustible mixture. By experi- 
ments on mixtures of methane, oxygen, and nitrogen, Mason and 
Wheeler have shown that  this relation is satisfied, provided that 
the amount of oxygen in the mixture is in excess of that  required 
for complete conikustion. For mixtures which contain less oxygen, 
the observed speed has a lower value, and this is probably due t o  
the relatively slow rate of the combustion, resulting in a greater 
loss of heat through the walls of the tube. 

Coll oids. 

The ageing of colloidal solutions is attended by changes in vari- 
ous properties, such as the viscosity, the readiness with which the 
sols gelatinise, and their sensitiveness towards electrolytes which 
have a coagulating action. It has been generally supposed that 
these irreversible ageing effects are due to the gradual formation of 
larger particles by a process of aggregation. 

I n  some interesting observations 81 on colloidal solutions of ceric 
hydroxide it has been found that the ageing process is very largely 
modified when the sols are subjected to  tho action of P -  or y-rays. 
The first effect produced by the rays consists in an increase in the 
normal rate 'of diminution in the visco&y, but  this effect is rapidly 
superseded by a second, in which the viscosity increases continu- 

79 W. Mason and R. V. Wheeler, T., 1917, 111, 1044. 

81 A. Fernau and W. Pauli, Kolloid Zeitsch., 1917, 20, 20 ; A., ii, 189. 
Ann. des Mines, 1883, [viii], 4, 274. 
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ously to a value which is very large in comparison with that  of the 
freshlydialysed sol, the final result of this process being the forma- 
tion of a stable jelly. If the exposure to  the active rays is made 
intermittent, the oourse of the viscosity-time curve is of the same 
type. Furthermore, i t  has been found that if  the active rays are 
cut off before the viscosity has reached a minimum, the ageing is 
still characterised by the second stage, in which the viscosity 
increases, but in these circumstances the viscosity reaches a maxi- 
mum, and subsequently decreases almost its rapidly as i t  inoreased in 
the second stage. 

The effects described are supposed to be connected with changes 
in the degree of hydration of the colloidal hydroxide. Under the 
influence of b- o r  y-rays the charge carried by the colloidal particles 
is neutralised, and this process is accompanied by a diminution in 
the degree of hydration and in the viscosity. The subsequent 
increase in the viscosity in the second stage of the ageing process 
is attributed to the aggregation of the neutral particles, a process 
which takes place with a velocity comparable with that of crystal- 
lisation and similar processes. To account for the maxiniuni vis- 
cosity and the subsequent decrease which are observed when the 
time of exposure to the active rays is comparatively short, it is 
suggested that this may be due to the peptonising action of the 
charged particles which are enclosed in the jelly resulting from the 
aggregation of the neutral particles. Evidence of the plausibility 
of this explanation is afforded by the fact that  ceric hydroxide 
jellies are readily peptonised when the corresponding sol form is 
added to the jelly. 

The above observations axe of particular interest in that  they 
appear to throw new light on the mechanism of the coagulation 
process. It has, in fact, been found that similar changes in the 
visoosity of ceric hydroxide sols occur when very small quantities of 
electrolytes are added t o  the colloidal solutions. The parallelism is 
not quite complete, for the time factor is different in the two cases, 
and the jellies produced by the action of electrolytes are unstable, 
but the similarity is sufficiently pronounced t o  justify the conclu- 
sion that the successive changes which occur in the colloidal particles 
are probably the same. 

I n  connexion with the ageing of colloids, a short reference may 
be made to cerkain observations:2 which have been made on the 
metal and salt films which condense on the wall of a metallic fila- 
ment lamp when the metal or salt in question is vaporised from the 
surface of the filament by the passage of a current. The film of 

8 2  W. Reinders and L. Hamburger, Proc. K .  Akud. Wetensch. Amsterdam, 
1917, 19, 958 ; A., ii, 405. 
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sodium chloride, which is obtained under these conditions, appears 
t o  be quite devoid of structure when examined by the ultra-micro- 
soope. On exposure to moist air the film quickly becomes opales- 
cent, and_ a t  this stage the ultra-microscope shows the presence of a 
network of ultra-microns. With time, the network becomes coarser, 
and ultimately it is possible to  recognise the presence of cubic micro- 
crystals. If the sodium chloride film is covered by Canada balsam, 
the vitreous condition may be preserved indefinitely. Metallic films 
of similar character have been prepared, but. these are much less 
stable than vitreous sodium chloride. 

Structure of Jel l ies .  

The various theories advanced in explanation of the character- 
istic properties of jellies have not led to any generally accepted view 
of jelly structure. As the result of ultra-microscopic observations, 
the theory has been recently advanceds3 that  gelatin contains two 
substances, a- and &gelatin. The a-gelatin forms the structural 
units, and consists of an irregular network of fibrils, whilst 8-gela- 
tin is structureless and fills the spaces in the network. The fibrillar 
network is not visible in an ordinary gelatin jelly, but  the structure 
becomes evident when the gelatin is subjected t o  the action of 
agents which remove the &gelatin t o  a greater or less extent. I n  
these circumstances, the elementary fibrils undergo orientation, 
forming groups which are visible in the ultra-microscope. 

This theory of jelly structure is made the basis of an  attempts4 
to  explain the laminated structures, familiar under the name cf 
Liesegang’s rings, which make their appearance when an aqueous 
solution of an electrolyte is brought into contact with a jelly im- 
pregnated with a second electrolyte, which reacts with the first 
t o  form an insoluble compound. It is now shown tha t  rhythmic 
structures are developed in the jelly when the diffusing suhtances 
do not react chemically, and, in fact, the evidence brought forward 
seems t o  indicate tha t  the diffusion of any electrolyte from an 
aqueous solution into a jelly gives rise to laminated structures. It 
is said tha t  these facts cannot be accounted for  by the various 
theories which have been advanced in explanation of the formation 
of Liesegang’s rings, and that  the laminated appearances are 
primarily due to the jelly structure. The rate of diffusion of an 
electrolyte into a jelly will depend on the orientation of the 
structural fibrillar elements, and forces are thus called into play 
which give to  the system a more or less well-defined laminated 
appearance. 

83 W. Moeller, Kolloid Zeitsch., 1916, 19, 205, 213 ; A. ,  ii, 132. 
84 Ibid. ,  1917, 20, 242; A.,  ii, 4 1 0 ;  ibid. ,  1917, 20, 257;  A.,  ii, 454. 
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Swelling of Colloids. 

Although sporadic attempts have been made t o  correlate and 
explain various phenomena which are associated with the swelling 
of colloids, and to ascertain the factors on which the swelling 
depends and the laws which govern the process, i t  cannot be wid 
that  our present knowledge of the subject is in any way commen- 
surate with the importance of the phenomenon in its bearing on 
biochemical problems and on processes connected with the textile 
and other industries. The elimination of secondary disturbances 
constitutes one of the chief difficulties of the experimental investi- 
gation of the question, and the fact  that  this point has received 
adequate consideration imparts a special value to the results 
obtained in recent experiments.85 The substances chosen for investi- 
gation were pure chemical compounds, the swelling of which is not 
complicated by capillary absorption effects, by the formation of 
compounds with the swelling liquid, o r  by the irreversibility of 
the process. 

For various substances of this character i t  has been found that  
the relation between the degree of swelling, measured by the ratio 
of the weight of the absorbed water t o  the weight of the dry s u b  
stance, and other properties, is independent of the chemical nature 
of the swelling substance. The curves whick show the relation 
between the vapour pressure, the heat of swelling, the volume 
change, and the heat capacity on the one hand, and the degree of 
swelling on the other, are, moreover, quite similar t o  the corre- 
sponding curves f o r  mixtures of water with non-volatile liquids, 
such as sulpliuric acid, phosphoric acid, and glycerol. This simi- 
larity suggests that  the swelling process, when free from secondary 
disturbances, is to be regarded as the formation of a solid solution 
of water in the swelling substance. This idea is incompatible with 
the micellary hypothesis put forward by Nageli to explain the 
behaviour of swelling substances; i t  disposes of the necessity for 
the assumption af complex structural units and replaces these by 
molecules. 

H. M. DAWSON. 

8 5  J. R'. Katz, Koll. Chenz. Beiiiefte, 1917, 9, 1 ; A , ,  ii, 245. 
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